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RAPID DETECTION OF ANTIBIOTIC RESISTANCE IN MYCOBACTERIUM 
TUBERCULOSIS 

This invention relates to the rapid detection of 
strains of Mycobacterium tuberculosis that are resistant 
to antibiotics, particularly isoniazid, rifampicin and 
streptomycin. More particularly, this invention relates . 
to a method of detecting antibiotic resistance in 
Mycobacterium tuberculosis . e.g. either as a result f 
mutations in the relevant genes or by nucleic acid 
hybridization. This invention also relates to a nucleic 
acid probe and a kit for carrying out the nucleic acid 
hybridization. The invention further relates to the 
chromosomal location of the katG gene and its nucleotide 
sequence. 

BACKGROUND OF THE INVENTION 

Despite more than a century of research since the 
discovery of Mycobacterium tuberculosis , the aetiological 
agent of tuberculosis, by Robert Koch, this disease 
remains one of the major causes of human morbidity and 
mortality. There are an estimated 3 million deaths 
annually attributable to tuberculosis (Snider, 1989) , and 
although the majority of these are in developing coun- 
tries, the disease is assuming renewed importance in the 
West due to the increasing number of homeless people and 
the impact of the AIDS epidemic (Chaisson et al., 1987; 
Snider and Roper, 1992) . 

Isonicotinic acid hydrazide or isoniazid (INH) has been 
used in the treatment of tuberculosis for the last forty 
years due to its exquisite potency against the members of 
the "tuberculosis" groups - Mycobacterium tuberculosis, 
M. bovis and M. africanum (Middlebrook, 1952; Youatt, 
1969) . Neither the precise target of the drug, nor its 
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mode of action, are known, and INH treatment results in 
the perturbation of several metabolic pathways * There is 
substantial evidence indicating that INH m^y act as an 
antimetabolite of NAD and pyridoxal phosphate 
(Bekierkunst and Bricker, 1967; Sriprakash and 
Ramakrishnan, 1970; Winder and Collins, 1968, 1969, 
1970) , and other data indicating that the drug blocks the 
synthesis of the mycolic acids, which are responsible for 
the acid-fast character of mycobacterial cell walls 
(Winder and Collins 1970; Quemard et al*, 1991) . Shortly 
after its introduction, INH-resistant isolates of 

Mycobacterium tuberculosis emerged and, on 

characterization, were often found to have lost 
catalase-per oxidase activity and to show reduced 
virulence in guinea pigs (Middlebrook et al., 1954; 
Kubica et al., 1968; Sriprakash and Ramakrishnan, 1970) . 

Very recently, INH-resistance has acquired new 
significance owing to a tuberculosis epidemic in the USA 
due to multidrug resistant (MDR) variants of M. 
tuberculosis (CDC, 1990; 1991a, b) and the demonstration 
that such strains were responsible for extensive 
nosocomial infections of HIV-infected individuals and 
health care workers (Snider and Roper, 1992) . In view of 
the gravity of this problem, there exists a . need in the 
art to determine the relationship between INH-resistance 
and catalase-per oxidase production* 

More particularly, there is a need in the art to 
understand the molecular mechanisms involved in drug 
sensitivity^ In addition, there is a need in the art to 
develop a simple test permitting the rapid identification 
of INH-resistant strains. Further, there is a need in 
the art for reagents to carry out such a test^ 
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Rifampicin too is a majeur antibiotic used for th 
treatment of infections by mycobacterium, particularly 
Mycobacterium tubercul os i s and Mycobacterium leprae . 
Because some mycobacteria grow slowly, possible rapid and 
efficient tests for the testing of resistance to 
rifampicin or analogues thereof must be made available. 
Likewise the invention aims at a rapid detection of 
strands of Mvbobac terium tuberculosis which are resistant 
to streptomycin. Because of the development of resistance 
to streptomycin, the latter antibiotic has been used 
together with other antibiobics, e.g. isoniazid. Thus 
adequat treatment of tuberculosis should be preceded by 
rapid and efficient detection of resistances to the three 
majeur antibiotics , isoniazid, rifampicin and 
streptomycin . 

SUMMARY OF THE INVENTTON 

Accordingly, this invention aids in fulfilling these 
needs in the art by providing a process for detecting in 
v £*ro the presence of cells of a Mycobacterium 
tuberculosis resistant to isoniazid and other drugs, such 
as rifampicin or analogues thereof, and streptomycin • 

By analogues of rifampicin, a particularly meant 
derivatives of 3-f ormyl-rif amycin, particularly as a 
result of substitution the 

rein for the sustituant present either in the 
naphtofuranonyl group or of the site chain at position 7 
of the naphtofuranonyl group, or by the introduction or 
removal of a double band in the lateral chain. 

In accordance with the invention, the detection of a 
resistance to isoniazid involves the detection of one or 
several litations in the katG gene of Mycobacterium 
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tuberculosis . particularly with respect to the nucleotide 
sequence of that same katG gene in mycobacterium 
tuberculosis that are not resistant to isoniazid* 

Another process alternative for detecting in vitro the 
presence of nucleic acids of a Mycobacterium t uberculosis 
resistant to isoniazid, wherein the process comprises the 
steps of: 

- contacting said nucleic acids previously made 
accessible to a probe if required under conditions 
permitting hybridization; 

- detecting any probe that had hybridized to said nucleic 
acids; 

wherein said probe comprises a nucleic acid sequence, 
which is 2.5 kb EcoR V -Kpnl fragment of plasmid pYZ56 or 
of part thereof, and wherein said fragment contains a. 
BamH X cleavage site, wherein said part is nonetheless 
sufficiently long to provide for the selectivity of the 
in vitro detection of a Mycobacterium tuberculosis 
resistant to isoniazid. 

For instance, this process alternative comprises the 
steps of t 

(A) depositing and fixing nucleic acids of the cells 
on a solid support, so as to make the nucleic 
acids accessible to a probe; 

(B) contacting the fixed nucleic acids from step (A) 
with a probe under conditions permitting 
hybridization; 

(C) washing the filter resulting from step (B) , so as 
to eliminate any non-hybridized probe; and then 

(D) detecting any hybridized probe on the washed 
filter resulting from step (C) . 

The probe comprises a nucleic acid sequence which is 
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present in a 2.5 kb EcoRV- Kpn l fragment of plasmid pYZ56, 
wherein said fragment contains a BamH I cleavage site* 
This fragment has been found to be associated with 
intracellular DNA of isoniaz id-sensitive Mycobacterium 
tuberculosis and is capable of distinguishing such anti- 
biotic sensitive microorganisms from isoniazid-resistant 
Mycobacterium tuberculosis, which do not contain DNA that 
hybridizes with this fragment under the conditions 
described hereinafter. 

This invention further provides nucleotide sequences, 
such as RNA and DNA, of isoniazid-resistant Mycobacterium 
tuberculosis encoding the region of the katG gene of 
Mycoba cterium tuberculosis that imparts isoniazid 
sensitivity absent from isoniazid-resistant cells. 

This invention also provides a probe consisting of a 
label, such as a radionuclide, bonded to a nucleotide 
sequence of the invention. 

In addition, this invention provides a hybrid dupl x 
molecule consisting essentially of a nucleotide sequence 
of the invention hydrogen bonded to a nucleotide sequence 
of complementary base sequence, such as DNA or RNA. 

Also, this invention provides a process for selecting 
a nucleotide sequence coding for a catalase-peroxidase 
gene of Mycobacterium tuberculosis, or for a portion of 
such a nucleotide sequence, from a group of nucleotide 
sequences, which comprises the step of determining which 
of the nucleotide sequences hybridizes to a nucleotide 
sequence of the invention. The nucleotide sequence can 
be a DNA sequence or an RNA sequence. The process can 
include the step of detecting a label on the nucleotide 
sequence. 

Further, this invention provides a kit for the 
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detection of Mycobacterium tuberculosis resistant to 
isoniazid. The kit comprises a container means 
containing a probe comprising a nucleic acid sequence, 
which is a 2*5 kb EcoRV -Kpnl fragment of plasmid pYZ56, 
wherein the fragment contains a BamH I cleavage site. The 
kit also includes a container means containing a control 
preparation of nucleic acid. 

The invention also covers compounds obtained as 
products of the action of the enzyme catalase, or a 
similar enzyme on isoniazid. The katG gene or a 
derivative of this gene which retains a similar activity 
can be used as a source of catalase protein. The new 
compounds are selected by . reactivity on 
INH-resistant-mycobacterial strains by the antibiogram 
method. such as described in H. David et al.'s "Methodes 
de laboratoire pour Mycobacteriologie clinique" edited by 
Pasteur Institute , ISBN N* 0995-2454. 

BRIEF DESCRIPTION OF THE DRAWINGS 

This invention will be described in greater detail by 
reference to the drawings in which: 

Fig 1. shows the INH-resistant M, smeamatis strain , BH1 
(Gayathri et al. r 1975) (a derivative of strain MC^-ISS) 
was transformed with a pool of M . tuber cul os i s- H3 7Rv 
shuttle cosmids (kindly provided by Dr. W.R- Jacobs, New 
York) and individual clones were scored for 
INH-susceptibility. Cosmid pBH4 consistently conferred 
drug susceptibility and the transformant overproduced 
catalase (assayed as in Heym, 1992) . The restriction map 
of the DNA insert f rom pBH4 is shown along with that of 
the insert from pYZ55 - a plasmid containing katG o f Jl^ 
tuberculosis H37Rv, isolated on the basis of hybridiza- 
tion with an oligonucle tide probe 
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(5 • -TTCATCCGCATGGCCTGGCACGGCGCGGGCACCTACCGC-3 r ) designed 
to match the amino acid sequence from a conserved region 
of E. coli hvdroneroxidase I (HPI) . Restriction sites 
for the following enzymes are indicated : B , BamH l : C , 
Clal : E. Eco RV: H. Hind lll, K, Knn l ; M. Sma l: N. Not l ? R. 
EcoR l : s . Sac l . Transformation of BH1 with a 
mycobacterial shuttle plasmid, pBAK14, Zhang et al., 
1991 , containing the 4.5 kb insert from pYZ55 similarly 
conferred INH-susceptibility . MIC»s are also shown for 
BH1 transformed with subf ragments derived from pYZ55 and 
inserted into pBAK14 in one (+) or other (-) orientation. 
The katG gene and the ability to confer 
INH-susceptibility both mapped to a 2.9 kb Eco RV -Kpn l 
fragment (pBAK— KE+) . 

Fig. 2 shows extracts from M. tuberculosis H37Rv and 
from E. coli strains transformed with a variety of 
plasmid constructs that were prepared for activity gel 
analysis as described previously (Zhang et al. , 1991) . 
Non-denaturing gels containing 8% polyacrylamide were 
stained for catalase (panel A) and peroxidase (panel B) 
activities as described by Wayne and Diaz (Wayne et al. , 
1986) . Lane 1, M> tuberculosis H 37Rv: 2. E. coli D M2 
fkatE. katG: 3. E. coli U M2/PYZ55 ; 4 . E. coli U M2/PYZ56 
(the 2.9 kb EcoR V -Kpn l fragment in pUC19, corresponding 
to pBAK-KE+ in Pig. 1); 5. E. coli U M2/PYZ57 (pYZ55 with 
a BamH l -Kpn l deletion, corresponding to pBAK— KB+ in Fig. 
1) . M. tuberculosis catalase and peroxidase activities 
migrated as two bands under these conditions (lane 1) ; 
the same pattern was seen for the recombinant enzyme 
expressed by pYZ55 (lane 3) . pYZ56 (lane 4) expresses a 
protein of increased molecular weight due to a fusion 
between katG and lacZ* from the vector as shown in panel 
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C. Panel C also shows partial sequence alignment with. E-_ 
coli H PI . 

Fig. 3 shows an E. coli strain with mutations in both 
katG and katE (UM2 Mulvey et al. , 1988) that was 
transformed with pUC19 vector alone, p¥Z55 expressing Ma. 
tuberculosis katG and pY256 with high level expression of 

M. tuberculosis katG. Overnight cultures in 

Luria-Bertani broth supplemented with, appropriate 
antibiotics were plated out in the presence of varying 
concentrations of INH and colony forming units were 
assessed. Results of . a representative experiment are 
shown with error bars indicating the standard deviation 
observed in triplicate samples. Overexpression of EL. 
tuberculosis katG similarly conferred susceptibility to 
high concentrations of INH in E. coli D M255 fkats. katE, . 
Mulvey et al. , 1988), but had no effect on 
catalase-positive strains such as E. coli T GI. In some 
experiments, high concentrations of INH had detectable 
inhibitory effect on growth of UM2 and UM255, alone, but 
in all experiments inhibition of pYZ56-transformants was 
at least 10-100 fold greater than that observed in the 
corresponding vector controls. 

Fig. 4 shows Southern blots prepared using genomic DNA 
from different M. tuberculosis strains, digested with 
Kon l. that were probed with (A) katG (the 4.5 kb Kpnl 
fragment), and (B) the SOD gene (1.1 kb EcoRl-Kpnl 
fragment, Zhang et al. , 1991). Labelling of probes and 
processing of blots was perf ormed as described previously 
(Eiglmeier et al. , 1991; Maniatis et al., 1989). Lane 1, 
H37Rv; 2, strain 12 — MIC 1.6 /xg/ml INH; 3, B1453 - MIC 

> 50 fig/Ta.1 INH (Tackett et al., 1978); 4, strain 24 - MIC 

> 50 pg/ml INH; 5., 79112 — INH-sensitive (Mitchison et 
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al. v 1963); 6, 12646 - INH-sensitive (Mitchison et al., 
1963); 7, 79665 - INH-sensitive (Mitchinson et al., 
1963) . INH susceptibilities were confirmed by 

inoculation of Lowenste in- Jensen slopes containing 
differing concentrations of INH. 

Fig. 5. Organization of the katG locus. The upper bar 
corresponds to a stretch of the M, tuberculosis 
chromosome spanning the katG region and the positions of 
individual cosmids used to construct the map are shown 
below together with the original shuttle cosmid pBH4 and 
pYZ55. The locations of some key restriction sites (B, 
BamH I : K, Kpn ll are shown together with the approximate 
location of the known genetic markers: fbpB encoding the 
alpha or 85-B antigen (Matsuo et al., 1988); katG , 
catalase-peroxidase; LL105, an anonymous Xgtll clone 
kindly supplied by A Andersen; MPTR, major polymorphic 
tandem repeat (Hermans et al., 1992). 

Fig. 6. A. Nucleotide sequence of the Kpn l fragment 
bearing katG , This sequence has been deposited in the 
EMBL data-library under accession number X68081. The 
deduced protein sequence is shown in the one letter code. 
B. Alignment of the two copies of the 700 bp direct 
repeat with identities shown as * and - denoting pads 
introduced to optimize the alignment. Numbering refers 
to the positions in Fig. 2A. 

Fig. 7. Distribution of katG in mycobacteria. A. 
Samples of different bacterial DNAs (1.5 fig) were 
digested with RsrII, separated by agarose g 1 
electrophoresis and stained with ethidium bromide; lanes 
1 and 7, size markers; M. leprae : lane 3, M. tuberculosis 
H37Rv; lane 4, M. aordonae : lane 5, M. szulaai: lane 6, 
M. avium , B. Hybridization of the gel in A, after 
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Southern blotting, with a katG specific probe. 

Pig. 8* Primary structure alignment of 

catalase-peroxidases- The sequences axe from jl» 
tuberculoses H37RV, mtkatg; E> coli. eckatg (Triggs-Raine 

et al. , 1988) ; tvphimurium. stkatg; 

gtearothermophilus , bspera (Loprasert et al., 1988) and 
yeast cytochrome c peroxidase <ccp; Finzel et al*, 1984) . 
The alignment was generated using PILED? and PRETTY 
(Devereux et al., 1984) 

and . denote gaps introduced to maximize the homology. 
Key residues from the active site and the peroxidase 
motifs (Welinder,. 1991) , discussed in the text, are 
indicated below the consensus. 

Fig. 9* Western blot analysis of M. tuberculosis KatG 
produced in different bacteria. Proteins were separated 
by SDS-polyacrylamide gel electrophoresis then subjected 
to immunoblotting, and detection with antiserum raised 
against BCG, as described in Zhang et al. , 1991. 

Lane 1, soluble extract of M. tuberculosis H37Rv; lane 
2, M- smeamatis MC*155 harboring the vector pBAK14; lane 
3 r WC?155 harboring pBAK-KK IkatG±) r lane 4, E. coli DM2 
f katE . JcatG) , lane 5, DM2 harboring pYZ55 (katG*) ; lane 
6, DM2 harboring pYZ56 ( lacZ ' r ikatGY . 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT 

The recent emergence of large numbers of strains of 
tubercul os i s showing multidrug resistance in the Dnited 
States is a most alarming development given the extreme 
contagiousness of this organism. This danger has been 
strikingly illustrated by several small tuberculosis 
epidemics in which a single patient infected with MDR 2L_ 
tuberculosis has infected both HIV-positive individuals , 
prison guards and healthy nursing staff (CDC 19»0, 1991; 



WO 93/22454 



BNSD0CID:<W0 9322454A1 I > 



% 

- i 



WO 93/22454 



PCT/EP93/01063 



11 

Daley et al. r 1992; Snider and Roper, 1992), Given the 
gravity of the current worldwide HIV epidemic, it is 
conceivable that if AIDS patients in the West, like those 
in Africa, were to be infected with MDR M. tuberculosis 

strains (rather than members of the iL aviuro/M. 

intracellulare complex) widespread dissemination of the 
disease would result. 

Isoniazid (INH) is a bactericidal drug which is 
particularly potent against the tuberculosis group of 
mycobacteria - Mycobacte rium tuberculosis. M- bovjs, and 
M. afrieanum - and, in consequence, it has been 
particularly effective in the treatment of tuberculosis. 
Standard anti-tuberculosis regimens generally include INH 
and rifampicin, often in combination with the weaker 
drugs, pyrazinamide, ethambutol or streptomycin. Besides 
its use in therapy INH is also given to close contacts of 
patients as a prophylactic measure. 

INH-resistant mutants of M. tuberculosis , the agent of 
the human disease, show two levels of resistance r low (1 
to 10 Mg/ml) and high (10 to 100 fig /ml) . INH-resistance 
is often associated with loss of catalase activity and 
virulence. Recently, owing to the AIDS epidemic, 
increased homelessness and declining social conditions, 
tuberculosis has reemerged as a major public health 
problem in developed countries, particularly the USA. An 
alarming feature of the disease today is the emergence of 
multiple drug-resistant organisms and rapid nosocomial 
transmission to health care workers and HIV-infected 
patients. This has prompted CDC to propose new 
recommendations for the treatment of multiple resistant 
strains (at least INH and rifampicin) and the prevention 
of transmission. To obtain fresh insight into the 
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problem of INH-resistance and to develop a rapid 
diagnostic test the following study was performed. 

Clearly, it is essential to understand the mechanisms 
of resistance to INH and rifampicin, the main 
anti-tuberculosis agents, as this will allow novel 
chemotherapeutic strategies to be developed and 
facilitate the design of new compounds active against MDR 
strains • 

This invention demonstrates that it is the 
catalase-peroxidase enzyme, HPI, which is the INH target, 
and it is suggested that this enzyme alone mediates 
toxicity* Compelling evidence of this conclusion was 
obtained by expression of the M> tuberculosis katG g ene 
in a cataiase-negative mutant of E, coli as this resulted 
in this bacterium becoming sensitive to INH. Moreover, 
the isolation of the M. tuberculosis INH-sensitivity 
gene, katG , is important as it will facilitate the rapid 
detection of iNH-resistant strains by means of 
hybridization and PCR-based approaches. The high 
frequency of katG d eletions in clinical strains, as shown 
here, should simplify this procedure. 

Identification of an M. tuberculosis gene involved in 
INH-sens it ivity 

A heterologous approach was employed to isolate M. 
tuberculos is gene(s) involved in INH-sensitivity. BH1 is 
a spontaneous mutant of the easily transformable M. 
smeomatis strain MC^ISS (Snapper et al. , 1990), that is 
resistant to 512 tig/rol of the INH and lacks 
catalase-peroxidase activity (Heym et al., 1992). As 
there is a strict correlation between INH-sensitivity and 
these enzyme activities, transformation of BH1 with a 
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plasmid carrying the appropriate gene from H, 
tuberculosis should lead to their restoration and 
concomitant INH-sensitivity. 

Consequently, DNA was prepared from a pool of M. 
tuberculosis shuttle cosmids in Escherichia coli and 
introduced into BH1 by electro-transformation. Over 1000 
kanamycin-resistant transformants were then scored for 
INH-sensitivity , and four clones that failed to grow on 
medium containing 32 g/ml of INH, the MIC from wild type 
strain MC^ISS, were obtained. 

After re-transformation of BH1, only one of these, 
pBH4, consistently conferred the INH-sensitive phenotype. 
Restriction digests with BaffiHI, Kon l. Not l. Cla l and 
Hi22dIII showed the tuberculosis chromosomal DNA 

carried by pBH4 to be about 30 kb in size. A map 
produced with the last three enzymes is presented in Fig. 

When pBH4 was used as a hybridization probe to detect 
homologous clones in the library, a further eight shuttle 
cosmids were isolated. On transformation into BH1, five 
of these (T35, T646, T673, T79, T556) restored 
INH-sensitivity f and showed similar restriction profiles 
to pBH4. In particular, a Konl fragment of 4.5 kb was 
present in all cases. 

Attempts to subclone individual BamH I fragments did not 
give rise to transformants capable of complementing the 
lesion in BH1 suggesting that a BamH I site might be 
located in the gene of interest. In contrast, pBH5, a 
derivative of pBH4, was constructed by deletion of EcoR I 
fragments and this showed that a 7 kb segment was not 
required for restoration of INH-sensitivity. 

Transformants harboring shuttle cosmids that 
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complemented the INH-resistant mutation of BH1 were 
examined carefully and the MICs for several antibiotics 
were established ~ In all cases, the MIC for INH had been 
reduced from 512 to 8 Mg/*tl, a value lower than that of 
the sensitive strain MC 2 155 (32 /ig/ml) - This hypersensi- 
tive phenotype suggested that the recombinant clones 
might be overproducing an enzyme capable of enhancing 
INH-toxicity. Enzymological studies showed that these 
transf ormants all produced about 2-fold more peroxidase 
and catalase than the wild type strain MC^ISS, which is 
INH-sens itive . 

In addition to INH, many MDR-strains of M. tuberculosis 
are no longer sensitive to rifampicin, streptomycin, 
ethambutol and pyrazinamide. To examine the possibility 
that there might be a relationship between resistance to 
INH and these compounds, the MICs of several drugs for 
various M, smeomatis strains and their pBH4 transf ormants 
were determined, but no differences were found* 

Cloning the M. tuberculosis catalase gene 

A 45-mer oligonucleotide probe was designed based on 
the primary sequences of highly conserved regions in the 
catalase-peroxidase enzymes, HPI, of E. coli 
(Triggs-Raine et al. , 1989), and pacjiUus 
stearothermophilus (Iioprasert et al., 1988). When 
genomic blots of M. tuberculosis DNA were probed with 
this oligonucleotide, specific bands were detected in 
most cases » As Kon l generated a unique fragment of 4.5 
kb that hybridized strongly, this enzyme was used to 
produce a size selected library in pUC19- 

Upon screening with the oligonucleotide probe , an 
appropriate clone, pYZ55, was obtain d~ A restriction 
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map of the insert DNA is presented in Fig, 1 where it can 
be seen that this corresponds exactly to part of pBH4. 
Independent confirmation was also obtained by 
cross-hybridization • 

By means of various subcloning experiments the smallest 
fragment expressing M. tuberculosis catalase-peroxidase 
activity in E, coli was found to be a 2.5 kb Eco RV -Kpn l 
fragment which, as expected, contained a cleavage site 
for BamHI. Partial DNA sequence analysis showed that the 
£atCL_gene carried by pYZ56 encodes a catalase-peroxidase 
enzyme that is highly homologous to the HPI enzymes of E. 
coli and B. stearothermophilus: 

M. tuberculosis APLNS WPDNAS LDKARRLLWPS KKKYGKKLS WADLIV 
E.coli ★★★★★★***v***********I*Q***Q*I*****FI 
B. stea^theCTtoEhJjjjs* 

(Fig. 2; Triggs-Raine et al., 1988); (Loprasert et al., 
1988) . Identical residues are indicated by * . HPI 
activity was detected in both E. coli and M. smeomatis by 
staining (see below) . 

Catala se-peroxidase involvement in INH-sensitivitv 

Having cloned the M. tuberculosis katG gene, it was of 
immediate interest to investigate the genetic basis of 
the association between catalase-negativity and isoniazid 
resistance. A series of constructs was established in 
the shuttle vector pBAK14 and used to transform the 
INH-resistant M. smeomatis mutant BH1 . Only those 
plasmids carrying a complete katG gene produced HPI and 
restored INH-sensitivity . The smallest of these, pBAK14, 
carried a 2.5 kb EcoR V -Kpn l fragment thus demonstrating 
that the 2 kb region upstream of katG w as not involved , 
and that catalase-peroxidas activity alone was 
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sufficient to render mycobacteria susceptible to INH. 

Cell-free extracts were separated by non-denaturating 
polyacrylamide gel electrophoresis and stained for 
peroxidase and caltalase activity. Under these 

conditions r the M. tuberculos is enzyme gave two bands of 
peroxidase activity (lane 1) which comigrated with 
catalase activity CHeym et al. r 1992). 

When introduced into B. coli . the katG_gene directed 
the synthesis of the same proteins, whereas pYZ56 
produced proteins slightly larger in size. This is due 
to the construction of an in-frame lacZ s : katG gene 
fusion. Activity stains were also performed with cell 
extracts of M- smeomatis . The presence of the katG gene 
from the M. tuberculosis in BH1 led to the production of 
catalase-per oxidase enzyme, which displayed the same 
electrophoretic mobility as the enzyme made in 
tuberculosis , or in E» coli . and the native HPI of JL_ 
smecpnatis. 

Basis of XNH-resistance in M. tu berculosis 

It has been known for many years that a subset of INH- 
-resistaht strains , particularly those resistant to the 
highest drug concentrations, are of lower virulence in 
the guinea pig and devoid of catalase activity. Genomic 
DNA was prepared from several clinical isolates of 
tuberculosis and analyzed by Southern blotting using the 
4.5 kb Ktm l fragment as a probe. In two highly resistant 
strains, B1453 and 24, the catalase gene has been deleted 
from the chromosome whereas in others (Fig. 3) , such as 
strain 12, showing low level resistance it is still 
present but not expressed- Additional studies showed 
that the region immediately prior to katG was highly 
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prone to rearrangements. 

M. tuberculosis HPI renders E. coli sensitive to INH 

To determine whether the HPI enzyme of M. tuberculosis 
could confer INH sensitivity on E. coli . a series of 
catalase mutants was transformed with pYZ56 and the MICs 
determined. Wild type strains were not susceptible to 
INH, but mutants lacking both endogenous catalase 
activities, but harboring pYZ56, showed growth inhibition 
when high levels of INH (500 pg/ml) were present, whereas 
un trans formed strains were insensitive. 

For purposes of this invention, a plasmid containing 
the restriction endonuclease map shown in Fig. 1 was 
deposited in strain with the National Collection of 
Cultures of Microorganisms (C.N. CM.) of the Institut 
Pasteur, in Paris, France on May 18, 1992, under culture 
collection accession No. 1-1209. This plasmid contains 
the nucleic acid sequence of the invention, namely, the 
4.5 kb KpnI -Kpn l fragment of plasmid pYZ56 having the 
BamHI cleavage site in the fragment. 

In general , the invention features a method of 
detecting the presence of isoniaz id-resistant 
Mycobacterium tuberculosis in a sample including 
providing at least one DNA or RNA probe capable of 
selectively hybridizing to isoniaz id-sensitive 
Mycobacterium tuberculosis DNA to form detectable 
complexes. Detection is carried out with a sample under 
conditions which allow the probe to hybridize to 
isoniazid-sensitive Mycobacterium tuberculosis DNA 
present in the sample to form hybrid complexes and 
detecting the hybrid complexes as an indication of the 
presence of isoniazid-sensitive Mycobacterium 
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tuberculosis in the sample. (The term "selectively 
hybridizing" , as used herein, refers to a DNA or RNA 
probe which hybridizes only to isoniazid-sensitive 

Mycobacterium tub ercu 1 o s i s and not to 

isoniazid- insensitive Mycobacterium tu berculosis. 1 The 
sample can be comprised of the Mycobact erium tuberculosis 
cells or a portion of the cellsr or cell contents enriched 
in Mycobacterium tuberculosis nucleic acids , especially 
DNA* Hybridization can be carried out using conventional 
hybridization reagents. The particular hybridization 
conditions have not been found to be critical to the 
invention. 

More particularly, DNA sequences from Mycobacterium 
tuberculosis can be analyzed by Southern blotting and 
hybridization. The techniques used for the present 
invention are described in Maniatis et al. (1989). DNA 
fragments can be separated on agarose gels and denatured 
in situ. The fragments can then be transferred from the 
gel to a water insoluble solid, porous support, such as 
a nitrocellulose filter, a nylon membrane, or an 
activated cellulose paper, where they are immobilized for 
example, the Hybond® membrane commercialized by Amersham 
can be used- After prehybridization to reduce 

non-specific hybridization with the probe, the solid 
support is hybridized to the nucleic acid probe of the 
invention. The solid support is washed to remove unbound 
and weakly binding probe, and the resulting hybrid duplex 
molecule is examined. A convenient alternative approach 
is. to hybridize oligonucleotides to the DNA denatured in 
the gel. 

The amount of labeled probe which is present in the 
hybridization solution will vary widely, depending upon 
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the nature of the label, the amount of the labeled probe 
which can reasonably bind to the filter, and the 
stringency of the hybridization. Generally, substantial 
excesses of the probe over stoichiometric will be 
employed to enhance the rate of binding of the probe to 
the fixed DNA. 

Various degrees of stringency of hybridization can be 
employed. The more severe the conditions, the greater 
the complementarity that is required for hybridization 
between the probe and the polynucleotide for duplex 
formation. Severity can be controlled by temperature, 
probe concentration, probe length, ionic strength, time, 
and the like. Conveniently, the stringency of 

hybridization is varied by changing the polarity of the 
reactant solution. Temperatures to be employed can be 
empirically determined or determined from well known 
formulas developed for this purpose. 

Unlike Southern hybridization where DNA fragments are 
transferred from an agarose gel to a solid support, the 
method of the invention can also be carried out by 
oligonucleotide hybridization in dried agarose gels. In 
this procedure, the agarose gel is dried and 
hybridization is carried out in situ using an oligo- 
nucleotide probe of the invention. This procedure is 
preferred where speed of detection and sensitivity may b 
desirable. The procedure can be carried out on agarose 
gels containing genomic or cloned DNA of Mycobacterium 
tuberculosis . 

In addition, the method of this invention can be 
carried out by transfer of Mycobacterium tuberculosis DNA 
from polyacrylaraide gels to nylon filters by 
electroblotting. Electroblotting may be desirable where 
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time is of the essence , because electroblotting is 
typically faster than capillary blotting developed to 
transfer DNA from agarose gels. This method can be 
carried out in conjunction with UV-crosslinlcing . The 
polyacrylamide gel containing the samples to be tested is 
placed in contact with an appropriately prepared nylon 
filter. These are then sandwiched into an electro- 
blotting apparatus and the DNA is transferred from the 
gel onto the filter using electric current. After a 
buffer rinse, the filter is ready to be prehybridized and 
hybridized or UV-crosslinfced. 

The method of the invention can be carried out using 
the nucleic acid probe of the invention for detecting 
Mycobacterium tuberculosis resistant to isoniazid. The 
probe can be detected using conventional techniques. 

The method of the invention can also detect point 
mutations in the KatG gene, as well as a partial deletion 
of that gene. 

The nucleotides of the invention can be used as probes 
for the detection of a nucleotide sequence in a 
biological sample of M. tuberculosis . The polynucleotide 
probe can be labeled with an atom or inorganic radical, 
most commonly using a radionuclide, but also perhaps with 
a heavy metal. Radioactive labels include 32 P, 3 H, U C, or 
the like^ Any radioactive label can be employed, which 
provides for an adequate signal and has sufficient 
half-life. Qther labels include ligands that can serve 
as a specific binding member to a labeled antibody, 
fluorescers, chemiluminescers, enzymes, antibodies which 
can serve as a specific binding pair member for a labeled 
ligand, and the like- The choice of the label will be 
governed by the effect of the label on the rate of 
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hybridization and binding of the probe to the DNA or RNA. 
It will be necessary that the label provide sufficient 
sensitivity to detect the amount of DNA or RNA available 
for hybridization • 

In preferred embodiments of the invention , the probe is 
labeled with a radioactive isotope, e.g. f 32 P or 125 I, 
which can be incorporated into the probe , e.g., by 
nick-translation . 

In other preferred embodiments, the probe is labeled 
with biotin, which reacts with avidin to which is bonded 
a chemical entity which, when the avidin is bonded to the 
biotin, renders the hybrid DNA complex capable of being 
detected, e.g., a fluorophore, which renders the hybrid 
DNA complex detectable f luorometrically ; an 
electron-dense compound capable of rendering the hybrid 
DNA complexes detectable by an electron microscope; an 
antibody capable of rendering the hybrid DNA complexes 
immunologically detectable; or one of a 
catalyst/ substr ate pair capable of rendering the hybrid 
DNA complexes enzymatically detectable. Prior to con- 
tacting the bacteria with the probe, the M. tuberculosis 
bacteria can be lysed to release their DNA, which is then 
denatured and immobilized on an appropriate solid, 
DNA-binding support, such as a nitrocellulose membrane. 

Another detection method, which does not require the 
labeling of the probe, is the so-called sandwich 
hybridization technique. In this assay, an unlabeled 
probe, contained in a single-stranded vector, hybridizes 
to isoniaz id-sensitive Mycobacte rium tuberculosis DNA, 
and a labeled, single-stranded vector, not containing the 
probe, hybridizes to the probe-containing vector, 
labeling the whole hybrid complex. 
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The sequences of the invention were derived by dideoxy*- 
nucleotide sequencing* The base sequences of the nucle- 
otides are written in the 5 l — > 3' direction* Each of 

the letters shown is a conventional designation for the 
following nucleotides: - 

A Adenine 

G Guanine 

T Thymine 

C Cytosine. 

The nucleotides of the invention can be prepared by the 

formation of 3 > 5* phosphate linkages between 

nucleoside units using conventional chemical synthesis 
techniques. For example , the well-known phosphodiester, 
phosphotriester, and phosphite triester techniques, as 
well as known modifications of these approaches , can be 
employed. Deoxyribonucleotides can be prepared with 
automatic synthesis machines , such as those based on the 
phosphoramidite approach* Oligo- and polyribonucleotides 
can also be obtained with the aid of RNA ligase using 
conventional techniques* 

The nucleotides of the invention are in a purified 
form. For instance, the nucleotides are free of human 
blood-derived proteins, human serum proteins* viral 
proteins, nucleotide sequences encoding these proteins, 
human tissue, and human tissue components* In addition, 
it is preferred that the nucleotides are free of other 
nucleic acids, extraneous proteins and lipids, and adven- 
titious microorganisms , such as bacteria and viruses. 

This invention of course includes variants of the 
nucleotide sequences of the invention or serotypic 
variants of the probes of the invention exhibiting the 
same selective hybridization properties as. the prob s 
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identical herein. 

The nucleotide sequences of the present invention can 
be employed in a DNA amplification process known as the 
polymerase chain reaction (PCR) ♦ See, e.g. . Kwok et al. 
(1987) . PCR is advantageous because this technique is 
rapid . 

DNA primer pairs of known sequence positioned 10-300 
base pairs apart that are complementary to the plus and 
minus strands of the DNA to be amplified can be prepared 
by well known techniques for the synthesis of 
oligonucleotides* One end of each primer can be extended 
and modified to create restriction endonuclease sites 
when the primer is annealed to the PBMC DNA. The PCR 
reaction mixture can contain the PBMC DNA, the DNA primer 
pairs r four deoxyribonucleoside triphosphates , MgCl 2 , DNA 
polymerase, and conventional buffers. The DNA can be 
amplified for a number of cycles. It is generally 
possible to increase the sensitivity of detection by 
using a multiplicity of cycles, each cycle consisting of 
a short period of denaturation of the PBMC DNA at an 
elevated temperature, cooling of the reaction mixture, 
and polymerization with the DNA polymerase. 

Amplified sequences can be detected by the use of a 
technique termed oligomer restriction (OR) • 
Single-strand conformation polymorphism (SSCP) analysis 
can be used to detect DNA polymorphisms and point 
mutations in a variety of positions in DNA fragments. 
See , Saiki et al. (1985); Orita et al. (1989). For 
example, after amplification, a portion of the PCR 
reaction mixture can be separated and subjected to 
hybridization with an end-labeled nucleotide probe, such 
as a 32 p labelled adenosine triphosphate end-labeled 
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probe. in OR f an end-labeled oligonucleotide probe 
hybridizes in solution to a region of the amplified 
sequence and, in the process , ' reconstitutes a specific 
endonuclease site. Thus, hybridization of the labeled 
probe with the amplified katG s equence yields a 
double-stranded DNA form that is sensitive to selective 
restriction enzyme digestion. After restriction with an 
endonuclease, the resulting samples can be analyzed on a 
polyacrylamide gel, and autoradiograms of the portion of 
the gel with the diagnostic labeled fragment can be ob- 
tained. The appearance of a diagnostic fragment (e.g. , 
10-15 bases in length) in the autoradiogram indicates the 
presence of katG sequences in the PBMCs. 

Since it may be possible to increase the sensitivity of 
detection by using RNA instead of chromosomal DNA as the 
original template, this invention contemplates using RNA 
sequences that are complementary to the DNA sequences 
described herein. The RNA can be converted to 
complementary DNA with reverse transcriptase and then 
subjected to DNA amplification. 
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EXPERIMENTAL PROCEDURES 
Bacterial strains and plasmids 

Table 1 outlines the properties of the bacterial 
strains and plasmids used in this invention. 

Table l. Bacterial Strains And Plasmids 
Strains /olasmids Characteristics 
E. co?U NM554 

Ei coU TG2 supE hsd5 thi delta flac-proABl 

rtraD36 croAB+ lacia jacg delta M151 



E. 


coli DM2 




KatE 






E« 


coli UM255 




KatE 






M. 


tuberculosis 


H37RV 


Virulent strain originally 
from tuberculosis patient 


isolatec 


M. 


tuberculoses 


12 


Clinical isolate resistant 
levels of INH (1-2 /xg/ml) 


to 


low 


M. 


tuberculosis 


B1453 


Clinical isolate resistant 
levels of INH (>50 M9/ml) 


to 


high 


M. 


tuberculosis 


24 


Clinical isolate resistant 
levels of INH (>50 /*g/ml) 


to 


high 


M. 


tuberculosis 


79112 


Clinical isolate sensitive 


to 


INH 


Mt 


tuberculosis 


12646 


Clinical isolate sensitive 


to 


INH 


M. 


tuberculosis 


79665 


Clinical isolate sensitive 


to 


INH 


M. 


smeamatis MC^ISS 


MC^ het 






M. 


smeamatis BH1 


MC2155 het katG 
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Plasmids 

pBH4 

pBH5 

pYZ55 

pYZ56 

pYZ57 

pBAK14 

pBAKIS 

PBAK16 

pBAKIT 
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Shuttle cosmid, katG+ . based on pYUB18 
Deleted version of pBH4, kat£+, (7 kb- 

pUC19 derivative with 4.5 kb Kpul frag- 
ment, kat+ 

pUC19 derivative with 2.5 kb EcoRV-Kpnl 
fragment (kat+) 

pUC19 derivative with 3.1 kb Kpn l- 
BaroH I fragment, kat- 

Mycobacterial shuttle vector 
(Zhang et al., 1991) 

Mycobacterial shuttle vector carrying 
4.5 kb Kpnl fragment (kat+) 

Mycobacterial shuttle vector carrying 
2.5 kb Eco RV -Kpn l fragment (kat*) 

Mycobacterial shuttle vector carrying 
3.1 kb Kpn I- BamH I fragment (kat-) 



The M. tuberculosis H37 RV genomic library was 
constructed in the shuttle cosmid pYUB18 (Snapper et al., 
1988) and kindly supplied by Dr. W. R. Jacobs. Other shuttle 
vectors employed were pYUB12 (Snapper et al., 1988) and 
PBAK14 (Zhang et al., 1991). 
Microbiological techniques and enz vmoloav 

Details of antibiotics used, growth conditions, 
enzymology and MIC determinations can be found in Heym et 
al. , (1992) . 
Nucleic acid techniques 

Standard protocols were used for subcloning. Southern 
blotting, DNA sequencing, oligonucleotide biosynthesis, etc. 
(Maniatis et al., 1989? Eiglmeier. et al., 1991). 
Activity staining 
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The preparation of cell-free extracts of E. coli and 
mycobacteria has been described (Heym et al., 1992; 
Zhang et al., 1991) . Native protein samples were separated 
by poly aery 1 amide gel electrophoresis as described by Laemmli 
(1970) except that SDS was omitted from all buffers, samples 
were not boiled and betamercaptoethanol was not included in 
the sample buffer. After electrophoresis of 50 - 100 ng 
protein samples on 7.5% polyacrylamide gels # catalase 
activity was detected by soaking the gel in 3mM H 2 0 2 for 20 
minutes with gentle shaking. An equal volume of 2% ferric 
chloride and 2% potassium ferricyanide was added and clear 
bands of catalase activity revealed by illumination with 
light. Peroxidase activity was detected as brown bands after 
soaking gels in a solution containing 0.2 - 0.5 mg/ml 
diaminobenzidine and 1.5 mM H 2 0 2 for 30 - 120 minutes. 

To generate a highly toxic compound it seems most likely 
that the M. tuberculosis HPI enzyme peroxidatively activates 
INH (Youatt, 1969; Gayathri-Devi et al., 1975). Now that the 
katG_gene has been isolated and characterized, it should be 
possible to make new derivatives of INH, which can be 
activated in a similar manner. 

Example I 

Point mutations in the k atG gene associated with the 
isoniazid-resistance of M. tuberculosis 
It has been shown in a recent study that the 
catalase-per oxidase of Mycobacterium tuberculosis , encoded by 
the katG gene, is involved in mediating the toxicity of the 
potent anti-tuberculosis drug isoniazid or INH. Mutants 
resistant to clinical levels of INH show reduced 
catalase-peroxidase activity and, in some cases, this results 
from the deletion of the katG gene from the chromosome. 
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Transformation of INH-resistant strains of Mycobacterium 
smecrmatis and 8L tuberculosis with the cloned katG gene leads 
to restoration of drug-sensitivity. Expression of katG in 
some strains of Escherichia coli renders this naturally 
resistant organism susceptible to high concentrations of INH. 

As some lNH-r£sistant clinical isolates- of 
tuberculosis have retained an intact katG gene, the molecular 
basis of their resistance was investigated. This study was 
facilitated by the availability of the nucleotide sequence of 
a 4.7 kb Konl fragment from the katG region of the chromosome 
as this allowed primers suitable for PCR analysis to be 
designed. Eleven pairs of oligonucleotide primers were 
synthesized (see Table 2) and used to generate PCR-products , 
of around 280 bp, that covered the complete katG gene and 
some of the flanking sequences. In control experiments all 
experiments all eleven primer pairs generated PCR products of 
the expected size, highly suitable for SSCP-analysis, so a 
panel of 36 INH-resistant strains of M. tuberculosis, of 
Dutch or French origin, was examined. Many of these strains 
are multidrug resistant and were isolated from patients who 
were HIV-seropositive. 
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Two of them gave no PCR fragment, with any of the primers 
used, indicating that katG had been deleted. The remaining 
34 strains all yielded the expected PCR products and these 
were analyzed on SSCP gels so that possible point mutations 
could be 

detected. in 20 cases, abnormal strand mobility was 
observed, compared to that of katG from drug-sensitive M. 
tuberculosis, suggesting that mutational events had indeed 
occurred. The approximate locations of the mutations, as 
delimited by the PCR primers, are shown in Table 3. 
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On examination of a 200 bp segment of the katG gene from 
five independent strains (9188, 9106, 9441, 9444, 9363), a 
single base difference was found. This was the same in all 
cases, a 6 to T transversion at position 3360, resulting in 
the substitution of Arg-461 by Leu. Thus, in addition t 
inactivation of katG , INH-resistance can stem from mis-sense 
mutations that result in an altered catalase peroxidase. 
This mutation may define a site of interaction between th 
drug and the enzyme. The results of DNA sequence studies 
with the remaining mutants are eagerly awaited. 

Another conclusion that can be drawn from this study 
concerns the molecular basis of the multidrug resistance 
associated with various M. tuberculosis strains. The same 
mutations are found irrespective of whether a given patient 
is seropositive or seronegative for HIV. For example, strain 
9291, isolated from an HIV-seropositive tuberculosis patient, 
harbors mutations conferring resistance to INH, rifampin and 
streptomycin in the katG {R461LJ , rooB (S425L) and rpsL 
(K42R) genes, respectively. The same mutations have been 
found separately, or in combination, in strains from 
HXV-seronegative individuals. This means that, for the set 
of strains studied, there is no novel, single mechanism 
conferring resistance to several drugs, but rather. 
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multidrug resistance results from the accumulation of 
mutations in the genes for distinct drug targets. 

Example 2 

Nucleotide sequence and chromosomal location of the KatG 
locus of M. tuberculosis 

Bacterial strains, plasmids and growth conditions. The 
following bacterial strains from our laboratory collections 
were used in this study: M. tuberculosis H37Rv; M. smeomatis 
MC^ISS (Snapper et al., 1990); E. coli K-12 DM2 f katE KatG; 
Mulvey et al., 1988). The recombinant plasmids # pYZ55 
(pUC19,_JcatG*) , pYZ56 (pUC19, lacZ ' : rkatG l and the shuttle 
clones, pBH4 (pYUBIS, katG*) and pBAK-KK- (pBAK14, JcatG*) have 
been described recently (Zhang et al. 1992 , Nature ) and the 
KatG locus of M. tuberculosis is schematized in Fig. 5. 
Mycobacteria were grown at 37 *C in Middlebrook 7H9 medium, 
while E. coli strains were cultivated in L-broth, with 
appropriate enrichments and antibiotics. 

Hucleic acid techniques. Standard techniques were 
employed for the preparation , labelling and hybridization of 
DNA (Eiglmeier et al. 1991; Zhang et al. 1992 , Infect. 
Immun. ? Zhang et al. 1992 , Nature ) . A shotgun library f 
random fragments of pYZ55 was prepared in M13mpl8 as 
described previously (Gamier et al., 1986) and sequenced 
using the modified dideoxy technique (Biggin et al. 1983). 
Sequences were compiled and assembled into contigs using SAP, 
and analyzed with NIP, SIP and PIP (Staden 1987) running on 
a Vax 3100 workstation. Gap closure was obtained by using 
synthetic oligonucleotide primers, synthesized on an ABI 381 
apparatus, and T7 DNA polymerase (Pharmacia) to obtain 
sequences directly from pYZ55. To search for related 
sequences in the GenBank database (release 73.1) the FASTA 
(Pearson t al. 1988) and BLAST (Altschul et al. 1990) 
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programs were used. The FROSITE (Bairoch 1992) catalog was 
screened to detect possible motifs present in protein 
sequences and alignments were done with, the PILEUP and PRETTY 
modules of the GCG sequence analysis package (Devereux et al* 
1984). 

Western blotting and catalase-peroxidase activity 
staining. Immunoblotting of polypeptides resolved by 
SDS-polyacrylamide gel electrophoresis and detection with 
polyclonal antibodies (purchased from DAKO) raised against M. 
bov£s BCG, were as described (Zhang et al. 1992 , Infect, 
Immun. Nature. Mol. Microbiol, ! . Procedures for detecting 
catalase and peroxidase activities have been outlined 
recently (Heym et al. 1992; Zhang et al. 1992, Nature ! - 

RESULTS 

Nucleotide sequence of the fcatg locus of M. tuberculosis . 
In previous studies , the complete katG gene was cloned 
independently in E. coli on a shuttle cosmid, pBH4 , and on a 
4.5 Kb Kpnl restriction fragment thus giving rise to pYZ55 
(Fig. 5; Zhang et al. 1992, Nature) . The structural gene f r 
catalase-peroxidase was subsequently localized to a 2.5 kb 
EcoRV - KeiiI fragment by sub-cloning. To deduce the primary 
structure of this important enzyme and thereby gain some 
insight into its putative role in the conversion of INK into 
a potent anti-tuberculous derivative,, the nucleotide sequence 
of the complete insert from pYZ55 was determined. This was 
achieved by the modified dideoxy-shotgun cloning procedure 
(Biggin et al. 1993) and gaps between the contigs were closed 
by using specific primers. 

On inspection of the resultant sequence which is shown in 
Fig. 6A, the 4.5 kb fragment was found to contain 4795 
nucleotides with an overall dG+dC content of 64.4%. When 
this was analyzed for the presence of open reading frames, 
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with high coding-probability values, a single candidate was 
detected and, from its size, composition and location, this 
was identified as katG. The absence of any additional open 
reading frames, on either strand of the Kpn l fragment, ruled 
out the possibility that genes other than katG were involved 
in conferring INH-susceptibility. 

Further analysis of the sequence showed katG to be 
preceded by two copies of a 700 bp direct repeat which were 
68% identical, with the longest stretch of identity 
comprising 58 bp (Pig. 6B) . When the databases were screened 
with this sequence no significant homologies were detected. 
To test the possibility that it could correspond to a new 

repetitive element in M. tuberculosis, a 336 bp probe, 

encompassing the 58 bp repeat, was used to probe a 
partially-ordered cosmid library. Positive hybridization 
signals were only obtained from clones that were known to 
carry katG. Likewise, a single restriction fragment was 
detected in Southern blots of M. tuberculosis DNA digested 
with restriction enzymes BamHI, Kpn l and Rsr II thereby 
indicating that this repetitive sequence is not dispersed. 

Chromosomal location of katG . As part of the M. 
tuberculosis genome project, most of the genes for which 
probes are available have been positioned on the contig map. 
From the series of overlapping cosmids shown in Fig. 5 it can 
be seen that the markers linked to katG are LL105 and fboB 
encoding an anonymous antigen and the putative f ibronectin 
binding protein, or alpha antigen (Matsuo et al. 1988), 
respectively. None of the known insertion sequences IS 6110 
and IS1081 (Collins et al. 1991; McAdam et al. 1990; Thierry 
et al. 1990, Jj_ Clin. Microbiol. ; Thierry et al. 1990, 
Nuclejc Acids Res. ) , map to this area of the chromosome 
although th region upstream of katG is densely populated 
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with copies of the major polymorphic tandem repeat, MPTR 
(Hermans et al. 1992 ; Zhang and Young 1993). 

Presence of fcatG homologues in other mycobacteria. INH 
is exquisitely potent against members of the tuberculosis 
complex yet shows little, if any, activity against other 
mycobacteria. To determine whether genes homologous to katG 
were present in other mycobacteria Southern blots of DNA 
digested with Rsgll were hybridized with a probe prepared 
from a 2.5 kb EcoRV-KeqI restriction fragment carrying katG 
from M. tuberculosis - Under conditions of high stringency 
good signals were obtained from M. leprae and H, avium 
(Fig, 7) while barely discernible hybridization was observed 
with H. crordonae and M. szulaai - It has been shown recently 
that katG homologues are also present in M. Smecrmatis and M. 
aurum (Heym et al. 1992). 

Predicted properties of catal as e-per oxidase from M. 
tuberculosis. The primary structure of catalase-peroxidase, 
deduced from the nucleotide sequence of katG , is shown in 
Pig* 6. The enzyme is predicted to contain 735 amino acids, 
and to display a molecular weight of 80,029 daltons. A 
protein of this size has been observed in M. tuberculosis , 
and both recombinant M> smecrmatis and E. coli (see below) . 

Primary structures are available for several other 
bacterial catalase-peroxidases including those from E, coli. 

salmonella — typhimurium and bacillus stearothermophilus 

(Loewen et al. 1990; Loprasert et al. 1988; Triggs-Raine et 
al. 1988) and these have been shown to be distantly related 
to yeast cytochrome c peroxidase (Welinder 1991) . As the 
crystal structure of the latter has been determined (Finzel 
et al. 1984) this can be used to interpret the sequences of 
the bacterial enzymes. The M. tuberculosis enzyme shows 
53.3% conservation with the enterobacterial HPI enzymes, and 
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shares 45.7% identity with the protein from B. 
stearothermophilus . An alignment of the sequences of these 
four enzymes is shown in Pig. 8, along with that of yeast 
cytochrome £ peroxidase (Welinder 1991) . It is apparent that 
the NHj terminus, which has no counterpart in the yeast 
enzyme, is the most divergent part suggesting that this 
domain of the protein can tolerate extensive deviation and is 
not required for catalysis. Experimental support for this 
interpretation is provided in the form of a LacZ-KatG fusion 
protein which contains an additional 40 amino acid residues 
(Fig. 9, lane 6; Zhang et al. 1992, Nature ^ . Addition of 
this NH 2 -terminal segment does not noticeably interfere with 
either the catalase or peroxidase reactions effected by KatG 
as judged by activity staining (Zhang et al. 1992, Natura l . 

Bacterial catalase-peroxidases are believed to have 
evolved by means of a gene duplication event and consist of 
two modules, both showing homology to the yeast enzyme, fused 
to a unique NH 2 -terminal sequence of about 50 amino acid 
residues (Welinder 1991) . The M. tuberculosis enzyme 
conforms to this pattern and when searched for internal 
homology using SIP (Staden 1987) it was clear that the region 
between residues 55-422 was related to the carboxy terminal 
domain, consisting of amino acids 423-735. Only one of the 
two active site motifs typical of peroxidases, present in the 
PROSITE catalog (Bairoch 1992) was found when th 
M. tuberculosis catalase-peroxidase primary structure was 
screened as there are two deviations from the consensus 
around His 269 where the second motif should be. (Consensus 
pattern for peroxidase 
11 [DET] - [LTVMT] -X (2 ) - [LIVM] - [LIVMSTAGJ - [SAG] - [ LTVMS TAG ] — H— 
[STA]-[LIVMFY] ; consensus pattern for peroxidase 2: 
[ SCAT] -X ( 3 ) - [LIVMA] -R- [ LIVMA] -x- [ FWJ -H-x- [ SAC ] ; (Bairoch 
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1992) . In addition, a possible ATP-binding motif 

(G-x-x-x-x-G-K-T) was detected (Balroch 1992) but as this 
partially overlaps the active site its presence may be purely 
fortuitous (Fig. 8). 

By analogy with yeast cytochrome c peroxidase (Welinder 
1991) , it was possible to predict a number of structurally 
and catalytically important residues all of which are located 
in the NH 2 -terminal repeat. His* 6 * should serve as the fifth 
ligand of the heme-iron while Asp 38 ** should be its 
hydrogen-bonded partner* other residues predicted to be 
involved in active site modulation and 'R 2 O z binding are Arg 104 , 
Trp 107 , His 10a , Asn 13 *, Thr 27 * and His 27 * (Fig. 4) . According to 
Welinder' s predictions (Welinder 1991) , Trp 320 should be a key 
residue and be required for forming the protein-radical site 
(Sivaraja et al„ 19891. 

Antibody response to M. tuberculosis K atG., To evaluate 
the possible value of KatG as an immunogen. Western blots 
were probed with anti-serum raised against M. bovis BCG in 
rabbits. As shown in Fig. 9, the 80 kD cat al a se-per oxidase 
is one of the prominent antigens recognized in cell-free 
extracts of M. tuberculosis , and M. smecrmatis expressing the 
cloned katG gene (lanes 1, 3). Likewise/ on introduction of 
the gene into E. coli significant levels of 
catalase-peroxidase were produced a striking increase in 
expression was obtained from the lacZ'-katG gene fusion which 
directed the synthesis of an 85 kD fusion protein (Fig. 9, 
lane 6) • 

The aim of the present study was to determine th 
nucleotide sequence of the katG gene and to use the 
information obtained to try and understand how its product 
mediates the INH-susceptibility of M> tuberculosis and, 
possibly, to explain the apparent instability of the katG 
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region of the genome. Repetitive DNA is often a source of 
chromosomal rearrangements and analysis of the DNA sequence 
upstream of katG revealed two copies of a 7 00 bp direct 
repeat. Since this element appears to be confined to this 
locus it is unlikely to serve as a target for an event, such 
as homologous recombination, which could lead to the deletion 
of the gene that is observed so frequently (Zhang et al. 
1992, Nature? Zhang and Young 1993). Likewise, as a 70 kb 
stretch of the chromosome of M. tuberculosis H37Rv, 
encompassing katG . is devoid of copies of IS6110 and IS1081, 
these insertion sequences do not appear to be likely sources 
of instability. Rather, the presence of a cluster of major 
polymorphic tandem repeats, MPTR (Fig. 5; Hermans et al. 
1992) situated upstream of katG , suggests that this might act 
as a recombinational hotspot. It may remove both the MPTR 
cluster and katG (Zhang and Young 1993) . The availability of 
the sequence of the katG region will allow primers suitable 
for the polymerase chain reaction to be designed and thus 
facilitate studies aimed at both rapid detection of 
INH-resistance and understanding the molecular basis of 
chromosomal instability. 

Perhaps the most intriguing feature of the M. 
tuberculosis catalase-peroxidase is its ability to mediat 
INH-susceptibility. In our current working hypothesis, the 
drug interacts with the enzyme and is converted by the 
peroxidase activity into a toxic derivative which acts at a 
second, as yet unknown, site (Zhang et al. 1992, Nature). 
Although horse radish peroxidase can effect this reaction 
(Pearson et al. 1988? Shoeb et al. 1985), and produce 
hydroxyl and organic free radicals, very few bacteria, 
including other mycobacteria, are sensitive to INH. This is 
intriguing as they c ntain genes homologous to katG (Fig. 7) . 
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One explanation for this could be provided by the fact that , 
most bacterial contain two catalases, one of which is a broad 
spectrum enzyme endowed with peroxidase activity , and that , 
the second cataiase, by preferentially removing H 2 O z , limits 
the ability of the catalase-peroxidase to oxidize INK. As M. 
tuberculosis lacks the latter activity its KatG enzyme can 
convert INH to the lethal form without competition for the 
electron acceptor^ 

Alternatively, there may be some unique features of the 
M- tuberculosis enzyme which promote toxicity or favor the 
interaction With the drug. Examination of the primary 
structures of the bacterial catalase-peroxidases was not 
instructive in this respect as they all share extensive 
sequence identities and contain two motifs characteristic of 
the active sites of peroxidases. Furthermore , it has been 
shown recently that expression of the £. coli katG gene cm 
partially restore INH-susceptibility to drug-resistant 
mutants of M» tuberculosis suggesting that the endogenous 
enzyme may not possess any drug-specific properties (Zhang et 
al. 1993) . Sequence comparison with the cytochrome c 
peroxidase from yeast has provided important information 
about the structural and functional organization of the KatG 
protein and led to the identification of the 
putatively-important catalytic residues (Pig. 8) . 

Now that the complete sequence of katG is available it 
will be possible to test some of these hypotheses by 
site-directed mutagenesis and to overproduce the enzyme so 
that detailed analysis of the enzymatic reaction , and its 
products, can be performed in vitro . Likewise, it should be * 
a relatively simple matter to isolate mutants that hav 
retained enzymatic activity but are unable to bind or oxidize T 
INH. Of particular interest is the repetitive structure of 
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the enzyme and the prediction that the NH 2 -terminal repeat 
contains the active site for peroxidases. This raises the 
possibility that katG genes, mutated, or truncated at th 
3»-end, could arise. It is conceivable that their products, 
lacking the normal COOH-terminus which may be required for 
subunit-subunit interactions (Welinder 1991) , would be 
unstable but still retain low enzyme activity. They would 
thus confer an intermediate level of INH-susceptibility, 
between that of katG* strains and mutants completely lacking 
the gene, as is often observed in clinical settings. 

The invention may of course make use of a part of the 
above described 2.5 kb EcoRV-Kpnl fragment, said part being 
nonetheless sufficiently long to provide for the selectivity 
of the in vitro detection of a Mycobacterium tuberculosis 
resistant to isoniazid. 

The invention also relates to a kit for detecting 
multidrug resistant variants of M. tuberculosis wherein the 
kit comprises: 

(a) a container means containing a probe for the 
gene encoding drug resistance; and 

(b) a container means containing a control 
preparation of nucleic acid. 

Needless to say that use can be made of any detection 
method alternative bringing into play the nucleodic sequence 
specific of nucleic acids of a Mycobacterium resistant t 
isoniazid, e.g. a method using an amplification technique and 
primers, whereby said primers may either be contained within 
said specific nucleotidic sequence, in order to provide for 
amplification fragments containing at least a part of th 
nucleotide sequence of the above mentioned probe, nonetheless 
sufficiently long to provide for the selectivity of the in 
vitro detection of a Mycobacterium tuberculosis r sistant to 
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isoniazid, and finally detecting a possible mutation in any 
of the amplified sequences* 

A preferred process alternative (oligotyping) for the 
detection of resistance to the selected antibiotic comprises: 

- fragmenting the relevant gene or part thereof likely t 
carry the mutation into a plurality of fragments , such as by 
digestion of said relevant gene by selected restriction 
enzymes, 

- hybridizing these fragments to complementary 
oligonucleotide probes, preferably a series of labelled 
probes recognizing under stringent conditions, all of the 
parts of the relevant gene of a corresponding control DNA 
of a strain non-resistant to the corresponding antibiotic, 

~ and relating the absence of hybridization of at least one 
of said oligonucleotide probes to any of the DNA fragments of 
tk® relevant gene of the mycobacterium under study as 
evidence of the presence of a mutation and, possibly, of a 
resistance to the corresponding antibiotic, particularly as 
compared to the mining of the test under the same conditions 
with the same oligonucleotides on the relevant gene(s) 
obtained from a strain (strains) not resistant to said 
antibiotic. 

Another process alternative (SSCF analysis r i*e. analysis 
of Single Stranded Conformation Polymorphisms) comprises t 

- digesting the DNA to be analyzed, particularly of the 
relevant gene, 

• amplifying the fragments obtained, e.g. by PCR, 

- recovering the amplified fragments, and 

- separating them from one another according to sizes, e.g. 
by causing them to migrate , for instance on an 
electrophoretic gel, 

- comparing the sizes of the different fragments with those 
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obtained from the DNA(s) of one or several control strains 
not resistant to the antibiotic, which had been subjected to 
a similar assay, and 

- relating the polymorphism possibly detected to the 
existence of a mutation in the relevant gene, accordingly to 
a possible resistance to the corresponding antibiotic of the 
strain from which the DNA under study had been obtained. 

Needless to say that any other method, including 
classical sequencing techniques, can resorted to for the 
achievement of the same purpose. 

This method includes that known under the expression 
"oligotyping" for the detection of polymorphisms, reference 
is advantageously made to the method discloses by Orita et 
a3 -» (reference was already made thereto herebefore) for the 
detection of polymorphisms based on the conformation of 
single strands. 

The relevant gene in the case of resistance to isoniazid 
is of course the katG gene or a fragment thereof. 

In the case of resistance to rifampicin, the relevant 
gene happens to be the rpoB gene which codes for the fisub- 
unit of the RNA polymerases of said mycobacteria, or when 
only part of that gene is being used, preferably that part 
which includes the codons 400 to 450 of that rpoB gene. 

Finally, in the case of resistance to steptomycin, th 
relevant gene contemplated is that of the rnsL gene that 
codes for the S12 protein of the small ribosome sub-unit or, 
when only part of said fragment is being used, preferably 
that part which includes the codon at the 43 position. 

A preferred procedure, particularly in relation to the 
process alternative making use of PCR amplification is 
disclosed hereafter. 

DNA is obtain d from a biological sampl ( .g. blood or 
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sputum) after removal of the cellular debris and lysis of the 
bacterial cells with an appropriate lysis buffer. PCR 
amplication can be carried out by classical methods, using a 
pair of primers, Whose sequences are respectively 
complementary to fragments of each of the strands of the DNA 
to be amplified. 

The procedure may be run further as follows: 

- the amplification products (comprising e.g. from 100 to 300 
nucleotides) are digested by means of suitable restriction 
endonuclease, 

- the ADN strands obtained from the amplification medium are 
subjected to denatuiration, 

• tke monostranded DNA strands are deposited on a neutral 5% 
polyacrylamid gel, 

• the monostranded DNA strands are caused to migrate on said 
gel by means of electrophoresis, 

~ DNA fragments that migrated, on the polyacrilamid gel 

are transferred onto a nylon membrane according to a usual 
electrophpretic blotting technique and hybridized to labelled 
probes, for instance 32 P labelled probes, and 

- the migration distances of the DNA fragments subjected to 
analysis are compared to those obtained from controls 
obtained under the same conditions of amplification, 
digestion, denaturation electrophoresis and transfer onto a 
nylon membrane* whereby said DNA had been obtained from an 
identical bacterial strain yet sensitive to the antibiotic 
under study. 

For the production of the PCR primers as well as of the 
polygonucleotides probes used in the above disclosed 
"oligotyping" procedures, use is advantageously made of those 
complementary to the rooB gene of wild M. tuberculosis 
inserted in a plasmid deposited under number 1-12167 at the 
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CNCM on September 15, 1992. 

The invention also relates more particularly to the 
nucleotidic sequence of a fragment of rpsL gene of 
Mycobacterium tuberculosis coding for the S12 protein of the 
small ribosome sub-unit , as well as to the nucleotidic 
sequence of a mutated rpsL gene fragment deemed responsible 
of the resistance to streptomycin. 

By amplification of that nucleotidic sequence, th 
nucleotide sequence of the full rpsL gene can be obtained. 

Further illustration of the invention will be provided in 
the following description of additional examples, having 
regard to the drawings in which: 

• figure 10 represents digrammatically the PGR strategy used 
for the study of different M. Leprae isolates, showing the 
coding sequence of rpoB sequence, whereby the sequenced 
regions are shown by hatched parts, and the position 
and reference of the amplification primers used being 
indicated on the upper line, whereas the sequencing primers 
are indicated bellow it; 

- figure 11 represents (A) the nucleotidic sequence of a 
short region of rpoB carrying the mutations that confer 
resistance to rif ampicin with an indication of the changes of 
bases in the corresponding alleles and (B) a comparison 
between the aminoacids sequences of the domain I of region II 
of the B-sub-unit of the RNA polymerase of E.coli and 

Leprae, whereby the numbers of the residues and the 
differences in the mutated aminoacids have been indicated; 
the mutated aminoacid residues associated with rifampicin 
resistance as well as the frequency of its occurrences have 
been represented too, 

- figure 12 shows a complete sequence of the rooB gene of 
M. Leprae, 
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*— figure 13 represents the sequence of part of the rpoB gene 
of M. tuberculosis. 

- figure 14 represents the sequence of a part, of the rpsL 
gene of M » tuberculos is 7 both the sequence of the full rosL 
gene of M. Leprae and that of its expression product, that is 
the S12 protein (whose starting aminoacid is noted by 1) are 
indicated. The positions of the ML51 and ML52 primers, as 
well as of the sequences of part of the rnsL gene of 
M. tuberculosis are provided belows those of M. Leprae , Only 
those positions which are different and the corresponding 
aminoacid changes are indicated- 

- figure 15 represents the wild DNA sequence of the rosL gene 
fragment coding for the S12 protein of the small ribosome 
sub-unit that is responsible for the resistance to 
streptomycin , as well as the corresponding aminoacid sequence 
of the S12 protein. 

Example rela* '^ yocdBBarfi w ; H ?™T^T^ Tfafafcjnesistance of 

The sensitivity to rif ampicin has been determined in mice 
as disclosed by Grosset et al. (and Int. J. Lepr. 57:607- 
614). The cells of M. Leprae were obtained from mouse paws 
according to classic procedures* All resistant strains were 
able to grow in mice which received daily doses of 20 mg/Kg 
of rif ampicin, whereas sensitive strains were killed at 1 w 
rifampicin concentrations , less than 2 mg/Kg. 

Relevant regions of the rpoB gene of extracted DNA was 
initiated upon using two pairs of biotinylated primers , whose 
sequences appear in the following table. 
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Seguence 



10 



15 



20 



25 



30 



Brpo22 

rpo23 

Brpo24 

rpo25 
rpo32 

rpo33 

rpo34 

rpo35 

rpo36 
rpo37 



CAGGACGTCGAGGCGATCAC 



AACGACGACGTGGCCAGCGT 



CAGACGGTGTTTATGGGCGA 



TCGGAGAAACCGAAACGCTC 



TCCTCGTCAGCGGTCAAGTA 



CTTCCCTATGATGACTG 



GGTGATCTGCTCACTGG 



GCCGCAGACGCTGATCA 



TTGACCGCTGACGAGGA 



GCCAGCGTCGATGGCCG 



35 
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Upon using conventional techniques, amplification 
products comprising 310 and 710 bp were respectively obtained 
as shown in figure 1. The localization of the sequences of 
the different primers used in the table is also indicated on 
figure 10. 

The DNAs obtained have been sequenced on the basis of the 
rpoB sequence of isolates sensitive to rif ampicin. A plasmid 
_____ containing the sequence of that gene has been deposited at 
CNCM on September 15 , 1992 under number 1-1266. Biotinylated 
PCR products were concentrated from the PCR reaction mixtures 
by contacting with streptavidin coated beads under agitation. 
The biotinylated strands attached to the beads were then 
recovered and sequenced-. The sequences obtained were compared 
to the sequence of the rooB gene of a wild type stain. 
Significant results were obtained as a result of sequencing 
of the wild gene (of a mycobacterium sensitive to rif ampicin) 
and of corresponding sequences of the B-sub-unit of four 
mutant strains resistant to rif ampicin (figure XI) . 

Results were obtained starting from 102 strands obtained 
from patients infected with M. tuberculosis - Among this 102 
strands 53 were sensitive to rif ampicin and 49 resistant to 
rifampicin. The mutation was localized in the region 400-450 
in 43 of the mutants and among the latter, the mutation 
occur ed in the region of 425 Ser into leu. 

Example of detection of the resistance of mycobacteria to 
streptomycin 

The culture of M . tuberbul osis strains and the test of 
their sensitivity to streptomycin have been carried out by 
the method of proportions on a Lowenstein-Ierva medium 
(Laboratory Method for Clinical Mycobacteriology - Hugo David 
- Veronique Levy Frebault, M.F. Thorel, publish d by Institut 
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Pasteur) . 

The nucleotide sequence of the rosL gene of M. Leprae 
led, by sequence analogy, to the construction of two primers, 
ML51 ( CCCACCATTCAG CAGCTGGT ) et ML52 ( GTCGAGCGAACCGCGAATGA ) 
surounding regions including putative mutation sites liable 
of being responsible for the streptomycin resistance and 
suitable for the PCR reaction. The DNA of the used 
M.tubereulog-8g used as a matrix has enabled one to obtain a 
rpsL fragment of 306 pb. The nucleotide sequence of the 
sequenced fragments exhibited 28 differences with that of 
M. Leprae. 

The rpsL genes or 43 strands of M. tuberculosis , among 
which 28 were resistant, have been amplified both by PCR and 
the SSCP technique. 

DNA was extracted from 200 ftl aliquots of M . tuberculosis 
samples (in average 10* to 10 5 bacteria) covered by 100/xl of 
mineral oil by a congelation-decongelation technique (Wo ds 
and Cole, 1989 FEES. Microbiol. Lett, 65: 305-308) . 

After electrophoresis of the DNA strands tested a 
mutation was shown in 16 of the mutants. In order to 
establish the nature of the mutation in the 16 strands under 
consideration, the corresponding rpsL gene fragments were 
amplified by PCR using the ML51 and the ML52 primers and 
their respective nucleotide sequences were determined. 

The sequences obtained were compared to the sequence of 
the wild type rosL gene. The single difference was found with 
the wild sequence ; codon 43, AAG, was mutated into AGG and, 
consequently, the lys-42 aminoacid was replaced by Arg. 

The invention relates also to the "mutated n DNA 
fragments. They can in turn be used as hybridization probes 
for use for the dectection in suitable hybridization 
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procedures and for the detection of similar mutation in DNA 
extracted from a H. tuberbulosis strain suspected to include 
resistance to any one of the above illustrated . antibiotics . 

The invention further relates to kits for the resistance 
of mycobacteriae to isoniazid, rif ampicin or analogues 
thereof, and streptomycin. 

The invention further relates to a kit for the in vitro 
diagnostic of the resistance of a bacteria of a mycobacterium 
genus to isoniazid, characterized in that it comprises: 
• means for carrying out for a genie amplification of the DNA 
of the katG gene or of a fragment thereof, 

- means to bring into evidence one or several mutations on 
the amplification products so obtained, 

- a preparation of control DNA of a katG gene of a strain f 
said bacteria sensitive to isoniazid or of a fragment 
thereof, 

- optionally, a control preparation of a DNA of the katG gene 
of an isoniaz id-resistant mycobacterium strain. 

The invention further relates to a kit for the in vitro 
diagnostic of the resistance of a bacteria of a mycobacterium 
genus to rif ampicin or its analogues, characterized in that 
it comprises: 

- means for carrying out for a genie amplification of the DNA 
of the rooB gene or of the 6-sub-unit of the RNA polymerase 
of said mycobacteria, or of a f ra gment thereof, 

- means to bring into evidence one or several mutations n 
the amplification products so obtained, 

a preparation of control DNA of a rooB gene coding for the 
B-sub-unit of the RNA polymerase of a strain of said bacteria 
sensitive to rif ampicin or of a fragment thereof, 

- optionally, a control preparation of a DNA of the r poB gen 
of an isoniaz id-resistant mycobacterium strain. 
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Similarly, the invention pertains to a kit for the in 
vjitro diagnostics of the resistance of the M . tubercul os is to 
streptomycin, characterized in that it includes: 

- means for carrying out a genie amplification of the rosL 
gene coding for the S12 protein of the small ribosome sub- 
unit, or fragment thereof, 

- means which enable the bringing to evidence of one or 
several mutations on the amplification products obtained, 

- a control preparation of a DNA sequence of the rosL gene 
coding for the S12 protein of the small sub-unit of the 
ribosome of a M. tuberculosis strain sensitive to 
streptomycin, and 

- optionally, a control preparation of a DNA sequence of a 
SBSL gene coding for the S12 protein of the small sub-unit of 
the ribosome of a strain of M. tuberculosis resis 

tant to streptomycin. 
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CIATMS 

WHAT IS CIATMED IS ! 

1. A process for the detection of a resistance to an 
antibiotic in a mycobacterium which comprises detecting a 
nutation in a gene selected from the group comprising the 
katG gene or fragment thereof, the r poB gene or fragment 
thereof and the rpsL gene or fragment thereof. 

2. A process of claim 1 for detecting in vitro the 
presence of nucleic acids of a Mycobacterium tube rculosis 
resistant to isoniazid, wherein the process comprises the 
steps oft 

- contacting said nucleic acids previously made accessible to 
a probe if required under conditions permitting 
hybridization ; 

- detecting any probe that had hybridized to said nucleic 
acids ; 

wherein said probe comprises a nucleic acid sequence, 
which is 2*5 kb EcoRV -Kpn l fragment of plasmid pYZ56 or of 
part thereof, and wherein said fragment contains a BamH T 
cleavage site, wherein said part is nonetheless sufficiently 
long to provide for the selectivity of the in vitro detection 
of a Mycobacterium tuberculosis resistant to isoniazid. 

3. The process as claimed in claim 2, which comprises 
the steps of : 

(A) depositing and fixing nucleic acids of 
Mycobac terium tuberculosis on a solid support, so 
as to make the nucleic acids accessible to a probe; 

(B) contacting said fixed nucleic acids from step (A) 
with the probe under conditions permitting 
hybridization ; 

(C) washing said filter resulting from step (B) , so as 
to eliminat any non-hybridized probe; and then 
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(&) detecting any hybridized probe on said washed 
filter resulting from step (C) ; 

4. The process of claim 2 or 3 wherein said prob 
comprises a nucleic acid sequence which encodes a polypeptide 
of the formula APmsWPDNASI^KAR-MiLWPSKKKra 

5. A process as claimed in any of claims 2 to 4, 
wherein the probe has a radioactive label selected from the 
group consisting of radioactive , enzymatic,, fluorescent, and 
luminescent labels* 

6. The use of the process of any one of claims 2 to 5 
for the detection of the presence of Mycobacterium tu- 
berculosis resistant to isoniazid in a bacteria-containing 
sample suspected of containing Mycobacterium tuberculosis 
resistant to isoniazid , whereby the detection of the pr be 
that had hybridized, particularly in the form of a hybrid DNA 
complex that it either forms or had formed with DNA initially 
present in said sample, is indicative of the presence in said 
sample of Mycobacterium tu berculosis resistant to isoniazid. 

7. The use of claim 6 , wherein prior to the contacting 
of said DNA with said probe, said bacteria had been separated 
from said sample and immobilized on a DNA binding support , 
such as a nitrocellulose membrane. 

8. A kit for the detection of Mycobacterium 
tuberculosis resistant to isoniazid, wherein the kit 
comprises: 

(A) a container means containing a probe, preferably 
labelled by a label selected from the group 
consisting of radioactive , enzymatic , fluorescent, 
and luminescent labels, comprising a nucleic acid 
sequence, which is a 2.5 kb EcoR V -Kpn l fragment f 
plasmid pYZ56 or part thereof, wherein said 
fragment contains a BamHI cleavage site and 
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nonetheless sufficiently long to provide for the 
selectivity of the in vitro detection of a 
Mycobacterium tuberculosis resistant , to isoniazid; 
and 

(B) a container means containing a control preparation 
of nucleic acid. 

9. A nucleic acid probe for detecting Mycobacterium 
tuberculous resistant to isoniazid, wherein said prob 
consists of a 2.5 kb EcoRV-KeziI fragment of plasmid pYZ56, 
wherein said fragment contains a BamH l cleavage site, or of 
a part of said fragment nonetheless sufficiently long to 
provide for the selectivity of the in vitro detection of a 
Mycobacterium tuberculosis resistant to isoniazid. 

10. The probe as claimed in claim 9, which is DNA free 
of human serum proteins or human tissue or both, viral 
proteins, bacterial proteins, and nucleotide seguenc s 
encoding said proteins. 

11. A hybrid duplex molecule consisting essentially of 
the probe of claim 9 hydrogen bonded to a nucleotide sequence 
of complementary base sequence. 

12. A process for selecting a nucleotide sequence of a 
Mycobacterium t uberculosis resistant to isoniazid from a 
group of nucleotide sequences, comprising the step of 
determining which of said nucleotide sequences hybridizes to 
a probe as claimed in claim 9 or 10. 

13. A process for selecting a compound active against 
Mycobacterium tub erculosis comprising the step of determining 
the reactivity of the compound on INH-resistant Mycobacterial 
strains. 

14. A nucleotide sequence comprising the 350 base 
sequence or a portion thereof as described in Figure 2. 

15. A process for detecting point mutations or partial 
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deletion of the KatG gene comprising contacting a sample of 
Mycobacterium tuberculosis with the probe of claim 9 or 10. 

16. The process of claim 1 for the detection of 
resistance to the selected antibiotic which comprises: 

- fragmenting the relevant gene or part thereof likely to 
carry the mutation into a plurality of fragments, such as by 
digestion of said relevant gene by selected restriction 
enzymes , 

- hybridizing these fragments to complementary 
oligonucleotide probes, preferably a series of labelled 
probes recognizing under stringent conditions, all of th 
parts of the relevant gene of a corresponding control DNA 
of a strain non-resistant to the corresponding antibiotic, 

- and relating the absence of hybridization of at least on 
of said oligonucleotide probes to any of the DNA fragments -of 
the relevant gene of the mycobacteritim under study as 
evidence of the presence of a mutation and, possibly, of a 
resistance to the corresponding antibiotic, particularly as 
compared to results obtained upon running the test under the 
same conditions with the same oligonucleotides on the 
relevant gene(s) obtained from a strain (strains) n t 
resistant to said antibiotic, wherein said relevant gene is 
either the katG gene ar a fragment thereof, the rboB gene r 
a fragment thereof , the roslL gene or a fragment thereof* 

17. The process of claim 1 which comprises: 

- digesting the DNA to be analyzed, particularly of the 
relevant gene, 

- amplifying the fragments obtained, e.g. by PCR, 

- recovering the amplified fragments, and 

- separating them from one another according to sizes, e.g. 
by causing them to migrate, for instance on an 
electrophoretic gel, 
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- comparing the sizes of the different fragments with those 
obtained from the DNA(s) of one or several control strains 
not resistant to the antibiotic , which had been subjected to 
a similar assay, and 

- relating the polymorphism possibly detected to the 
existence of a mutation in the relevant gene, accordingly to 
a possible resistance to the corresponding antibiotic of the 
strain from which the DNA under study had been obtained, 
wherein said relevant gene is either the katG gene or a 
fragment thereof, the rboB gene or a fragment thereof, the 
rpsL gene or a fragment thereof. 

18. A kit for the in vitro diagnostic of the resistance 
of a bacteria of a mycobacterium genus to isoniazid, 
characterized in that it comprises: 

- means for carrying out for a genie amplification of the DNA 
of the katG gene or of a fragment thereof, 

- means to bring into evidence one or several mutations on 
the amplification products so obtained, 

- a preparation of control DNA of a katG gene of a strain of 
said bacteria sensitive to isoniazid or of a fragment 
thereof, 

- optionally , a control preparation of a DNA of the katG gene 
of an isoniaz id-resistant mycobacterium strain. 

19. A kit for the in vitro diagnostic of the resistance 
of a bacteria of a mycobacterium genus to rifampicin or its 
analogues, characterized in that it comprises: 

- means for carrying out for a genie amplification of the DNA 
of the rooB gene or of the B-sub-unit of the RNA polymerase 
of said mycobacteria, or of a fragment thereof, 

- means to bring into evidence one or several mutations on 
the amplification products so obtained, 

- a preparation of control DNA of a rpoB gen coding for the 
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B-sub-unit of the JRNA polymerase of a strain of said bacteria 
sensitive to rifampicin or of a fragment thereof,. 

- optionally , a control preparation of a DNA of the rpoB g ne 
of an isoniazid-resistant mycobacterium strain* 

20- A kit for the in vitro diagnostics of the resistance 
of the M« tuberculosis to streptomycin , characterized in that 
it includes: 

- means for carrying out a genie amplification of the rosL 
gene coding for the S12 protein of the small ribosome sub- 
unit, or fragment thereof r 

- means which enable the bringing to evidence of one or 
several mutations on the amplification products obtained, 

- a control preparation of a DNA sequence of the roslt gene 
coding for the S12 protein of the small sub-unit of the 
ribosome of a M . tuberculos is strain sensitive -to 
streptomycin, and 

- optionally, a control preparation of a DNA sequence of a 
*pslf gene coding for the SX2 protein of the small sub-unit of 
the ribosome of a strain of M. tuberculosis resis 

tant to streptomycin. 
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FIGURE 6A(2) 
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FIGURE 6A(3) 
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FIGURE 6B(1) 
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FIGURE 6B(2) 
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MetProGlyAlaProAsnArglleSerPheAlaLysLeuArgGluProLeuGluValPro 
GTGCCCGGCGCGCCCAACCGAATTTCATTTGCC AAGCTCCGCGAACCGCTTGAGGTTCCG 6 0 

GlyLeuLeuAspValGlnThrAspSerPheGluTrpLeuIleGlySerProCysTrpArg 
GGGCTAGTTG ATGTGC AGACTGATTCATTTGAGTGGTTGATCGGATCGCCGTGCTGGCGT 120 

AlaAlaAlaAlaSerArgGlyAspLeuLysProValGlyGlyLeuGluGluValLeuTyr 
GCAGCGGCCGCAAGCCGCGGCG ATCTCAAGCCGGTGGGTGGTCTCGAAGAGGTGCTCTAC 180 

GluLeuSerProIleGluAspPheSerGlySerMetSerLeuSerPheSerAspProArg 
GAGCTGTCGCCGATCGAGGATTTCTCCGGCTCAATGTCATTGTCTTTCTCCGATCCCCGT 240 

PheAspGluValLysAlaProValGluGluCysLysAspLysAspMetThrryrAlaAla 
TTTGACGAAGTCAAGGCGCCCGTCGAAGAGTGCAAAGACAAGGACATGACGTACGCGGCC 300 

ProLeuPheValThrAlaGluPhelleAsnAsnAsnThrGlyGluIleLysSerGlnThr 
CCGCTGTTCGTCACGGCCGAGTTCATCAACAACAACACCGGGGAGATCAAGAGCCAGACG 3 60 

Val PheMe tGlyAspPheProMe tMetThrGluLy sGlyThr PhellelleAsnGlyThr 
GTGTTTATGGGCGACTTCCCTATGATGACTGAGAAGGGAACCTTCATCATCAACGGGACC 420 

GluArgValValValSerGlnLeuValArgSerProGlyValTyrPheAspGluThrlle 
GAGCGTGTCGTCGTTAGCCAGCTGGTGCGCTCCCCTGGAGTATACTTCGACGAGACGATC 480 

AspLysSerThrGluLysThrLeuHisSerValLysVallleProSerArgGlyAlaTrp 
GACAAGTCCACAGAAAAGACGCTGCATAGTGTCAAGGTGATTCCCAGCCGCGGTGCCTGG 540 

LeuGluPheAspValAspLysArgAspThrValGlyValArglleAspArgLysArgArg 
TTGGAATTCGATGTCGATAAACGCGACACCGTCGGTGTCCGCATTGACCGGAAGCGCCGG 600 



GlnProValThrValLeuLeuLysAlaLeuGlyTrpThrSerGluGlnlleThrGluArg 
CAACCCGTCACGGTGCTTCTCAAAGCGCTAGGTTGGACCAGTGAGCAGATCACCGAGCGT 

PheGlyPheSerGlulleMetArgSerThrLeuGluLysAspAsnThrValGlyThrAsp 
TTCGGTTTPTCCGAGATCATGCGCTCGACGCTGGAGAAGGACAACACAGTTGGCACCGAC 

GluAlaLeuLeuAspIleTyrArgLysLeuArgProGlyGluProProThrLysGluSer 
GAGGCGCTGCTAGACATCTATCGTAAGTTGCGCCCAGGTGAGCCGCCGACTAAGGAGTCC 

AlaGlnThrLeuLeuGluAsnLeuPhePheLysGluLysArgTyrAspLeuAlaArgval 
GCGCAGACGCTGTTGGAGAACCTGTTCTTCAAGGAGAAACGCTACGACCTGGCCAGGGTT 

GlyArgTyrLysValAsnLysLysLeuGlyLeuHisAlaGlyGluLeuIleThrSerSer 
GGTCGTTACAAGGTCAACAAGAAGCTCGGGTTGCACGCCGGTGAGTTGATCACGTCGTCC 

ThrLeuThrGluGluAspValValAlaThrlleGluTyrLeuValArgLeuHisGluGly 
acgctgaccgaagaggatgtcgtcgccaccAtagagtacctggttcgtctgcatgagggt 

GlnSerThrMetThrValProGlyGlyValGluValProValGluThrAspAspIleAsp 
CAGTCGACAATGACTGTCCCAGGTGGGGTAGAAGTGCCAGTGGAAACTGACGATATCGAC 

o^™^ GlyAsi ^ rgAr9LeuAr 9 ThrValGl i' GluLeuI1 eGlnAsnGlnileArgVal 
CACTTCGGCAACCGCCGGCTGCGCACGGTCGGCGAATTGATCCAGAACCAGATCCGGGTC 

GlyMetSerArgMecGluArgValValArgGluArgMecThrThrGlnAspValGluAla 
GGTATGTCGCGGATGGAGCGGGTGGTCCGGGAGCGGATGACCACCCAGGACGTCGAGGCG 

F\G.2f \lL\) 
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GluThrGluLeuThrProGluGluArgLeuLenArgAlallePheGlyGluIiysAlaArg 
GAAACTGAGCTGACACCGGAAGAGCGGTTGCTGCGGGCGATCTTCGGCGAAAAGGCCCGC 

GluValArgAspThrSerLeuLysValProHisGlyGluSerGlyLysVallleGlylle 
GAGGTCCGTGACACGTCGCTGAAGGTGCCACACGGCGAATCCGGCAAGGTGATCGGCATT 

ArgValPheSerHisGluAspAspAspGluLeuProAlaGlyValAsnGlviLeuValArg 
CGGGTGTTCTCCCATGAGGATGACGACGAGCTGCCCGCCGGCGTCAACGAGCTGGTCCGT 

valTyrValAlaGlnLysArgLysIleSerAspGlyAspLysLeuAlaGlyi\rgHisGly 
GTCTACGTAGCCCAGAAGCGCAAGATCTCTGACGGTGACAAGCTGGCTGGGCGGCACG 

AsnLy sG lyVal IleG lyLy s I leLeuProAlaGluAspMe t ProPheLeuPr oAspGly 
AACAAGGGCGTGATCGGCAAGATCCTGCCIXXXGAGGATATGCCGTTTC 

ThrProValAspIlellel^uAsnThrHisGlyValProArgArgMetAsnValGlyGin 
ACCCCGGTGGACATCATCCTCAACACTCACGGK3GTGCC^ 

XleLeuGluThrHisLeuGlyTrpValAlaLysSe^ 
ATCTTGGAAACCCACCTTGGGTGGGTAGCCAAGTCCG 

GlylleProAspTrpAlaValAsnLeuProGluGltiLeuLeuHisAlaAlaProAsnGln 
GGTATACCGGATTGGGCGGTCAACTTGCCTGAGGAGTTGTTGCACGCTGCGCCCAAC 

IleValSexrrhrProValPheAspGlyAlaLysGluGluGliiljeuGlnGlyt*e\il*euSer 
ATCGTGTCGACCCCGGTGTTCGACGGCGCCAAGGAAGAGGAACTACAGGGCCTGTTGTCC 

SerThrLeuPr o AsnAr g AspG lyAspValMe t Va IGlyGlyAspGlyLy sAlaValbeu 
TCCACGTTGCCCAACCGCGACGGCGATGTGATGGTGGGCGGCGACGGCAAGGCGG 

PheAspGlyArgSerGlyGluProPheProTyrPro 
TTCGATGGGCGCAGCGGTGAGCCGTTCCCTTATC 

MetLysLeuHisHisLeuValAspAspLyslleHisAlaArgSeirrhrGlyProTyr*Ser 
ATGAAGCTGCACXIACTTGGTGGACGACAAGATC^ 

MetlleThrGlnGlnProbeuGlyGlyLysAlaGlnPheOiyGlyGlnArgPheGlyGlu 
ATGATTACCCAGCAGCCGTTGGGTGGTAAGGCACAGTTCGGTGGCCAGCGATTCGGTGAG 

MetGluCysTrpAlaMetGlnAlaTyrGlyAlaAlaTyrThrLeuGlnGluLeuLeuThr 
ATGGAGTGCTGGGCCATGCAGGCCTACGGTGCGGCCTACACGCTGCAGGAGCTGTTGACC 

HeLysSerAspAspThrValGlyArgValLysValTyrGluAlalleValLysGlyGlu 
ATCAAGTCCGACGACACCGTCGGTCGGGTCAAGGTTTACGAGGCTATCGTTAAGGGTGAG 

AsnlleProGluProGlylleProGluS^.rPheLysValLeuljeuLysGluLeuGlnSer 
AACATCCCCGAGCCGGGCATCCCCGAGTCGTTCAAGGTGCTGCTCAAGGAGTTACAGTCG 

LeuCysLeuAsnValGluValLeuSerSerAspGlyAlaAlalleGluLeuArgGluGly 
CTGTGTCTCAACGTCGAGGTGCTGTCGTCCGACGGTGCGGCGATCGAGTTGCGCGAAGGT 



GluAspGluAspLeuGluArgAlaAlaAlaAsnLeuGlylleAsnLeuSerArgAsnGlu 
G AGG ATGAGG ACCTCG AGCGGGCTGCGGCC AACCTCGGT ATC AACTTGTCCCGC AACG AA 

Ser AlaSer HeGluAspLeuAla * * * 
TCGGCGTCCATAGAAGATCTGGCTTAG 3447 
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FIGURE 14(2) 
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10 

RKG RRDK IGK VKT AALK 
CGCAAGGGTC GTCGAGACAA GATTGGCAAG GTCAAGACCG CGGCTCTGAA 
10 15 20 25 

G N P Q R R G VC TR VY TST 
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